In this research, the hydrologic effects between a pre-existing urban landuse and low impact development (LID) applied conditions were compared and evaluated. The infiltration trench and tree box filter that were utilized in LID represent only 1% of the catchment area that they drain. Storm event monitoring were conducted from July 2010 to July 2014 on a total of 22 storm events in both LID sites. After LID, hydrological improvement was observed as the sites exhibited a delay (lag time) or reduction in the magnitude, frequency and duration of runoff and flow peaks as the rainfall progress. In addition, the maximum irreducible peak flow reduction for infiltration trench was found to be 61% and 33% for the tree box filter when rainfall was 40 mm and 30 mm, respectively. In designing LID, it is recommended to consider the storage capacity and catchment area, as well as the amount of rainfall and runoff on the site.
Introduction 1)
Urbanization is the continuous development of urban areas that has long been perceived as one of the adverse force affecting natural hydrologic cycle and stream ecosystem (McCuen, 1998) . The major hydrologic effects of urbanization include the high fraction of precipitation converted to surface runoff, decreased in the lag time between rainfall and runoff, increase in peak flow magnitudes and reduced groundwater recharge capabilities (Hsu et al., 2000; Jacobson, 2011; Shaw, 1994; Shuster et al., 2005) . Several studies indicated and examined the specific hydrologic effects of an urbanized area. According to Rose and Peters (2001) , the peak flows in an urbanized area were most likely 30% to more than 100% greater than the non-urbanized land use. In addition, Cook and Dickinson (1985) has examined the hydrologic response of urbanization and found out that regardless of rainfall intensity or duration, the runoff coefficient increased by at least 50%, and the lag time of concentration and peak flow was decreased by three-fold. Likewise, urban development contributes substantial amount of washed- † To whom correspondence should be addressed. leehyung@kongju.ac.kr off pollutants into the receiving waters which cause water quality degradation (Kim and Lee, 2005; Lee et al., 2007; Lee et al., 2008; Maniquiz et al., 2012) .
Currently, the integration and linking of both the ecosystem and landscape planning is being considered to address the growing concern in water quantity and quality management (Hatt et al., 2007) . In Korea, the Ministry of Environment has funded several projects related to the management of stormwater runoff and one of these is the application of low impact development (LID) technologies in the urban landuses. LID is an approach that manages stormwater by promoting the natural movement of water within the watershed, thus maintaining or restoring the watershed's hydrologic and ecological functions (Coffman, 2000; Davis, 2008) . There are many practices that have been used in LID such as bioretention facilities, rain gardens, vegetated rooftops, rain barrels, permeable pavements, etc. Two of the most common LIDs implemented in urban landuses in Korea were infiltration trench and bioretention. The infiltration trench mainly captures and temporarily holds stormwater runoff prior to groundwater recharge (U.S. EPA, 1999) . On the other hand, bioretention incorporate trees and other gardening plants to regulate and treat runoff from an impervious surface (Davis et al., 2009) . Hood et al. (2007) reported that after the appThis is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. lication of common LID technologies on a residential area, the start of runoff-to-peak flow time was increased by almost 30% and peak flow was reduced for an estimate of 80%.
This research was conducted to evaluate the hydrologic effects of the infiltration trench (IT) and tree box filter (TBF) employed in LID for the management of stormwater runoff in a road and parking lot landuse inside a university campus.
Materials and Method

Description of the LID Sites
The two LID sites were located inside the Kongju National University campus grounds in Cheonan City, South Korea (36°51'1.11"N, 127°9'0.23"E). The surface area of the infiltration trench and tree box filter were only less than 1% of the total catchment area, and the storage volume was approximately 60% of the total volume.
The infiltration trench and tree box filter have pre-treatment component that captures and temporarily holds stormwater runoff, infiltration capability for ground water recharge and utilized filter media that aid in the filtration and storage of stormwater runoff. Although smaller than the infiltration trench, the tree box filter can perform additional hydrologic benefit such as evapotranspiration and plant uptake to regulate runoff from an impervious area.
Storm Event Monitoring
A total of 13 storm events were monitored in the infiltra- 
Results and Discussion
Hydrologic Characteristics
The rainfall frequency distribution in the LID sites for the monitoring period of 2010 to 2013 indicates that the total annual rainfall was highly variable for each year, smallest being 768 mm in 2013 and highest in 2012 with 2,212 mm (Fig. 2) . In low rainfall year, the proportion of storms 15 mm or less accounts for 45% of the total annual rainfall; whereas in high rainfall years, it accounts for only 20%.
Since most of the storms that occurs in Korea (more than 70%) falls to the category of low-intensity rainfall (15 mm or less) Maniquiz (2012) several stormwater management technologies were designed to control these most frequent storms. But as can be seen, a greater variation in rainfall distribution pattern has occurred recently due to climate change (e.g., occurrence of large storms greater than 70 mm) making it more difficult to select appropriate rainfall conditions for LID.
The relationships of the runoff volume, average and peak flows before and after LID application are shown in Fig. 3 .
It was observed that the amount of runoff was greater than the storage capacity of the infiltration trench and tree box filter in 77% and 56% of storm events, respectively. Although there was a dominance of low rainfall storm events that were monitored, the runoff was fairly captured in the infiltration trench and tree box filter with an average runoff coefficient of 0.87 and 0.50, respectively.
The rainfall that occurred in the paved road was effectively converted into stormwater runoff due to a steeper slope and lesser runoff interceptors (e.g. overhanging vegetation, parked vehicles, etc.) in the infiltration trench site that also resulted to higher rate of flows compared to the impervious parking lot in the tree box filter site. On average, the peak flows reached up to fourfold the average flows before LID.
Apparently, the trendlines generated from the linear regression have high coefficient of determination (R 2 ), and fall below the 1:1 line suggesting the hydrologic improvement contributed upon the application of the infiltration trench and tree box filter.
Changes in the Hydrologic Balance
The contribution of the infiltration trench and tree box filter on the hydrologic balance after LID was exemplified by the reduction in runoff volume (Table 1 ). The runoff before LID was completely discharged to sewers and possibly could lead to local flooding of transport systems and pollution to receiving waters during intense storm events. But after LID, the runoff was partially reduced by means of the combined processes of infiltration for groundwater recharge, retention for temporary storage of runoff, filtration and evapotranspiration that were provided by the infiltration trench and tree box filter. On average, the infiltration trench was able to reduce almost half the runoff generated from the paved road. The tree box filter only reduced 20% of the runoff but still satisfactory considering its small storage capacity compared to the catchment area that it drains.
It was observed that hydrologic parameters such as rainfall depth and rainfall intensity were factors that affect the runoff before LID and highly significant at the infiltration trench site than the tree box filter site (Fig. 4) . When the rainfall depth was doubled, the difference in the amount of runoff volume before and after LID was increased by twofold in magnitude in the infiltration trench and about 115% in the tree box filter. As greater amount of runoff was generated in the infiltration trench than the tree box filter; the reduction in runoff volume before and after LID in the infiltration trench site was still evident (1 m 3 ) even for rainfall as small as 5 mm. However, in the case of tree box filter it requires at least 15 mm of rainfall in order to reduce at least 0.5 m 3 of runoff.
It can be seen that as the rainfall increased, the volume reduction was becoming more apparent. For instance, when the rainfall was 10 mm, almost 65% reduction was observed in the infiltration trench site; however, as the rainfall was further increased to 30 mm, almost 90% reduction was achieved. In the tree box filter site, only 15% volume reduction was attained for 25 mm rainfall and could only reached 50% when the rainfall depth was 45 mm. Similar observations were found in the case of rainfall intensity; the more intense rainfall, the greater amount of runoff was generated and also reduced. However, the influence of rainfall intensity in the volume reduction was not as prominent as the rainfall due to the lower correlation observed.
Changes in the Magnitude, Frequency and Duration of Average and Peak Flows
Based on Davis (2008) , the peak flow reduction was an important parameter for quantifying the hydrologic impact of a particular stormwater management practice for LID. to 87% greater than the magnitude of peak flows in the tree box filter site that resulted due to a higher ground slope in the paved road (90% greater than the parking lot slope) further promoting the surface runoff. The rainfall intensity showed a more apparent influence on the peak flow reduction compared to rainfall particularly in the infiltration trench site. For every unit increase in rainfall intensity, the average reduction in peak flow after LID was approximately 30% in the infiltration trench while only more than 5% in the tree box filter. The average monitored rainfall intensity on the sites (infiltration trench, 2.67 mm/hr and /hr for infiltration trench and tree box filter, respectively. Although the value was lower in the tree box filter site, the peak flow was reduced by 5% greater than the infiltration trench site.
After LID, the minimum peak flow was reduced by 15%
for infiltration trench at 3 mm rainfall; while 26% for tree box filter at the smallest rainfall of 1 mm. As the rainfall increases so as the peak flows; the reduction in peak flows after LID was becoming more evident. The maximum monitored peak flow before LID (infiltration trench, 16 m 3 /hr and tree box filter, 8 m 3 /hr) was reduced by 58% and 32%
in the infiltration trench and tree box filter sites, respectively.
Based on the regression analyses, insignificant increase in peak flow reduction was observed when rainfall was 40 and 30 mm for infiltration trench and tree box filter, respectively indicating that the maximum possible peak flow reduction was attainable at about 61% for infiltration trench and 33%
for tree box filter.
Compared in Fig. 6 were the hydrographs for the infiltration trench and tree box filter for the same storm event that happened on August 10, 2010. It was observed that the flows resembled the rainfall distribution pattern but with a slight delay in the peaks due to surface runoff, typical in urban land use characterized by high impervious surfaces.
After LID, both sites exhibited a delay (lag time) or reduction in the magnitude, frequency and duration of flow peaks as the rainfall progress. Apparently, in the infiltration trench the average flows were greatly reduced; while the tree box filter was able to reduce the peak flows even not reducing a huge amount of runoff volume. Comparing the two, it was revealed that the infiltration trench having a larger storage capacity and subjected to high runoff and flows was able to perform more efficiently than the tree box filter. However, considering the catchment area of the infiltration trench that was only 13% larger than the tree box filter, the current storage capacity of the tree box filter could be maximize when applied to a smaller catchment.
Conclusion
Continuing urbanization imposed significant strains to the environment alongside with the climate change necessitating a need for a more sustainable stormwater practices like LID.
In this research, the infiltration trench and tree box filter were utilized to implement the LID principle of restoring the hydrologic functions in urban catchments. Based on the results, it was found out that the magnitude of runoff and peak flows was dependent on the landuse characteristics such as imperviousness, slope, runoff interceptors, and most importantly the rainfall amount and intensity. After the application of infiltration trench and tree box filter, hydrological improvement was observed in the sites specifically changes in the hydrologic balance (runoff was reduced), magnitude, frequency and duration of peak flows. The runoff reduced in the sites were assumed to be infiltrated into the soil providing groundwater recharge, retained in the facility for temporary storage, or used by the plants.
Findings revealed that rainfall was the limiting factor in volume reduction and rainfall intensity in peak flow reduction indicating that as the rainfall increases so as the runoff volume, and as the rainfall intensity increases so as the peak flows; the reduction in runoff volume and peak flows after LID was becoming more evident. In the infiltration trench, the runoff volume and average flows were greatly reduced;
while the tree box filter was still able to reduce the peak flows even not reducing a huge amount of runoff volume.
Comparing the two LID sites, the infiltration trench was able to perform more efficiently than the tree box filter due to higher runoff coefficient at the infiltration trench and larger storage capacity set against the catchment area. However, the capability of the tree box filter can be maximized when applied to a smaller catchment area. Consequently, the site selection for LID application should prioritize the sites subjected to high amount of runoff and it is recommended that the rainfall distribution pattern must be considered to select appropriate rainfall conditions for LID. 
